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Bij Petunia hybrida L. worden de pollenkorrels gevormd 
in helmhokjes. Hieruit komen zij, klaar voor bestuiving, 
vrij aan de buitenlucht te liggen, doordat de helmhokjes 
zich openen. Na de bestuiving zwelt de pollenkorrel 
sterk door opname van water en kiemt. Er wordt een 
poUenbuis gevormd, die de stamper binnendringt en de 
stijl ingroeit, op weg naar het vruchtbeginsel. Tussen 
stijlweefsel en poUenbuis vindt na een zelfbestuiving de 
zogenaamde incompatibiliteitsreactie plaats, waardoor 
de pollenbuisgroei afgeremd en, als gevolg, zaadzetting in 
het vruchtbeginsel verhinderd wordt. Na compatibele 
pollenbuisgroei worden in het vruchtbeginsel de twee ge-
neratieve kernen uit de poUenbuis aan een eicel en cen-
trale cel van de embryozak overgedragen. 
De bevruchtingsfysiologische aspecten, die in dit proef-
schrift beschreven worden, hangen direct of indirect 
samen met de levensloop en de levensverrichtingen van 
de pollenkorrel. Bij de bestudering van een aantal van 
deze aspecten is Röntgenstraling als belangrijkste hulp-
middel gebruikt. Röntgenstraling veroorzaakt onder 
andere verstoringen in de cel aan DNA, RNA (Wacker, 
1962) en aan membranen (Huybers, 1976). Deze versto-
ringen hebben hun weerslag op het metabolisme van de 
cel. Bestuderingen van levensverrichtingen in afhanke-
lijkheid van bestraling geeft daarom informatie over de 
betrokkenheid van het celmetabolisme bij deze levens-
verrichtingen. 
Kiemkracht van pollenkorrels 
De kiemkracht van pollenkorrels tijdens bewaren bij 
kamertemperatuur blijkt sterk beïnvloed te worden door 
het relatieve vochtgehalte van de lucht (RV). waarmee 
de inhoud van de pollenkorrel in evenwicht is (Hoekstra 
en Bruinsma, 1975a' ). De RV blijkt voor een belang-
rijk deel ook de mate van kiemremming, veroorzaakt 
door Röntgenbestraling, te bepalen (Brewbaker en 
Emery, 1962). 
De relatie tussen de RV enerzijds en de kiemkracht en 
stralingsgevoeligheid anderzijds was voor pollen van 
Petunia hybrida onvoldoende bekend. Daarom is onder-
zoek gedaan naar: 
— de invloed van voorbehandeling bij verschillende RV 
op de zwelling en de kieming van pollenkorrels in 
vitro (Gilissen, 1977b, 1978) 
— de invloed van Röntgenbestraling van pollen, in 
relatie tot de RV, op de kiemkracht in vitro (Gilissen, 
1978) 
— de invloed van Röntgenbestraling van pollen op de 
kiemkracht in vivo (Gilissen, 1978) 
Pollenbuisgroei en zaadzetting 
De wijze waarop de pollenbuisgroei in de stijl kan plaats-
vinden, is afhankelijk van de aard van de bestuiving: bij 
Petunia hybrida treedt zelf-incompatibiliteit op, dat wil 
zeggen dat de planten onder normale omstandigheden 
geen zelfbevruchting toelaten. Dit geschiedt doordat na 
een zelfbestuiving de pollenbuisgroei in de stijl geremd 
wordt. Deze incompatibiliteitsreactie is genetisch 
bepaald door het S-gen, dat verschillende uitdrukkings-
vormen kent, die als S-allelen (SI, S2, S3, etc.) aange-
duid worden. Van belang hierbij is het feit dat cellen van 
de stijl diploid zijn, dus twee dezelfde of twee verschil-
lende S-allelen hebben, terwijl de pollenkorrel of poUen-
buis haploid is en één S-allel heeft. De incompatibiliteits-
reactie is afhankelijk van de herkenningsreactie tussen 
poUenbuis en stijlweefsel (Linskens, 1974). Ten gevolge 
van deze herkenning kunnen reacties in de stijl plaats-
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vinden, die tot acceptatie of verwerping van de pollenbuis 
leiden (Van der Donk, 1975). 
De compatibele en incompatibele pollenbuisgroei 
blijkt beïnvloedbaar te zijn door fysiologische factoren 
(Straub, 1947; Pohl, 1951; Linskens, 1960, 1964; Hecht, 
1964; Emsweller en Uhring, 1965). 
De mogelijkheid om de pollenbuisgroei in de stijl te 
beïnvloeden is aangegrepen om tot een beter begrip van 
de incompatibiliteitsreactie te komen. Enige faktoren, 
die beïnvloeding van de pollenbuisgroei via het pollen of 
via de stijl teweeg zouden kunnen brengen, zijn onder-
zocht. 
A. Beïnvloeding via het pollen 
1. Door middel van bijmenging van doodgestraald 
compatibel pollen bij intra- of interspecifiek incompa-
tibel pollen is het mogelijk gebleken bij de populier en 
de appel de incompatibiliteitsreactie zodanig af te zwak-
ken, dat toch zaadzetting plaats vindt (Stettler, 1968; 
Dayton, 1974). Straub (1947) heeft reeds pollenmeng-
sels gebruikt om de incompatibiliteitsreactie in Petunia 
beter te leren kennen. Daarom is aandacht geschonken 
aan: 
— de groei van compatibele en incompatibele pollen-
buizen na bestuiving van stijlen met pollenmengsels, 
waarin doodgestraald Petunia-polien of andersoortig 
pollen in bepaalde verhoudingen aanwezig is (Gilis-
sen en Linskens, 1975). 
2. De gevoeligheid van pollenkorrels van een aantal 
plantesoorten voor Röntgenstraling met betrekking tot 
de pollenkieming blijkt aanzienlijk geringer te zijn, dan 
die met betrekking tot de zaadzetting (Brewbaker en 
Emery, 1962). Omdat verwacht werd dat, uitgaande van 
dit gegeven, informatie verkregen zou kunnen worden 
over de betrokkenheid van activiteiten van de pollenbuis-
kemen bij pollenbuisgroei in Petunia, is onderzocht: 
- de invloed van Röntgenstraling van pollenkorrels op 
de groei van compatibele en incompatibele poUen-
buizen in de stijl en op de zaadzetting (Gilissen, 
1978). 
B. Beïnvloeding via de stijl 
1. Het stadium van rijpheid en de leeftijd van de bloem 
spelen een rol in de heftigheid, waarmee de incompatibi-
liteitsreactie zich manifesteert. Shivanna en Rangas-
wamy (1969) hebben zaadzetting verkregen bij Petunia 
na een bestuiving van stijlen in zeer jonge bloemknoppen 
(knopbestuiving) met zelf-incompatibel pollen. Brede-
meyer (1976) heeft waargenomen, dat met de verande-
ring van de leeftijd van de stijl van Nicotiana alata ook 
de incompatibiliteitsreactie veranderde. Uitgaande van 
deze gegevens is onderzocht: 
— het mechanisme, waardoor na knopbestuiving zaad-
zetting plaats kan vinden (Gilissen, manuscript 1) 
— de invloed van de ouderdom van de stijl op de in-
compatibele pollenbuisgroei (Gilissen, manuscript 1). 
2. Tijdens het onderzoek naar de bemvloeding van de 
pollenbuisgroei in de stijl is gebleken, dat de incompa-
tibiliteitsreactie in afgeplukte bloemen bij een paar 
klonen zwakker of soms zelfs geheel verdwenen is in 
vergelijking met de reactie in bloemen, die na bestuiving 
aan de plant gebleven zijn. Daarom is aandacht besteed 
aan: 
— de invloed van het afplukken der bloemen op de groei 
van compatibele en incompatibele pollenbuizen 
(Gilissen, manuscript 1). 
3. Roggen (1967) veronderstelt, dat pollenbuisgroei in 
de stijl gekoppeld is aan veranderingen in de activiteit 
van een aantal enzymen. Uit zijn onderzoek blijkt, dat 
vooral de activiteiten van glutamaat-oxaalcetaat-trans-
aminase (GOT) en van zure fosfatase sterk veranderen 
onder invloed van compatibele pollenbuisgroei. Linskens 
et aL (1969,1970) hebben in pollen en stijlweefsels acti-
viteitsveranderingen ten gevolge van bestuivingen van een 
aantal glycosidasen onderzocht. Deze glycosidasen 
spelen waarschijnlijk een rol bij afbraakprocessen in de 
stijl ten gevolge van pollenbuisgroei. Bij de kieming van 
^еГыиіа-роІІеп blijkt RNA-synthese plaats te vinden 
(Linskens et aL, 1971). Van der Donk (1975) poneert, 
dat de basis van de regulatie voor compatibele of in­
compatibele pollenbuisgroei gezocht moet worden in 
specifieke aktiviteiten op DNA-niveau. 
De mate, waarin pollenbuisgroei afhankelijk is van het 
stijlmetabolisme, is bestudeerd door gebruik te maken 
van Röntgenstraling. Daarom is onderzoek gedaan naar: 
— de invloed van Röntgenbestraling van stijlen op enzym-
activiteiten bij kruis- en zelfbestuiving (Gilissen, 
manuscript 1 en 2) 
— de invloed van Röntgenbestraling van stijlen op de 
groei van compatibele en incompatibele pollenbuizen 
(Gilissen, manuscript 2). 
De invloed van bestuiving op de bloemverwelking 
Bij orchideeën blijkt verwelking, als een der verschijn-
selen die ten gevolge van bestuiving optreden, op gang 
gezet en gereguleerd te worden door het stigmatisch deel 
van het gynostegium (Arditti en Flick, 1976). Naar aan-
leiding hiervan is met betrekking tot Petunia de vraag-
stelling ontstaan naar: 
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— de invloed van de stijl op de bloemverwelking 
- de zintuigfunctie van de stijl, via welk orgaan tussen 
de bloem en mogelijke bestuiveis een communicatie 
bestaat (Gilissen, 1976 en 1977a). 
De artikelen, die in dit proefschrift samengebundeld zijn, 
zijn gerangschikt volgens chronologische volgorde van 
pubUcatie. De manuscripten 1 en 2 zijn nog niet elders 
gepubliceerd. 
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Pollen tube growth in styles of self-incompatible Petunia 
pollinated with irradiated pollen and with foreign pol-
len mixtures 
LJ.W. Gilissen and H.F. Linskens 
Dept. of Botany, Faculty of Sciences, University, Toemooiveld, Nijmegen, The Netherlands 
Abstract 
1. Admixture of foreign pollen to Petunia pollen 
influences pollen tube growth after self- as well as 
after cross-pollination. 
2. Maximal competition between the two species of pol-
len was observed at a weight ratio of 1:4 (genuine: 
foreign). 
3. The strength of competition depends on the species 
of admixed mentor pollen. 
4. The competition effect is independent of the vital 
stage of the admixed pollen; irradiated pollen, which 
has no germination capacity causes the same inhibi-
tory effect. 
5. Pollen tube competition is restricted to the very early 
hours of pollen tube growth in the stigma. It is sug-
gested that a signal from the surface of the stigma 
triggers the processes in the style, the ovary and other 
flower parts. 
Introduction 
Pollen mixtures have been used previously to elucidate 
the incompatibility reaction in Petunia (Straub1). Irra-
diated mentor pollen was succesfully used to facilitate 
hybridization of species with remote kinship (Stettler2). 
Killed compatible pollen has also been used to overcome 
incompatibility in apple (Dayton3). It has been proposed 
that a suitable compatible mentor may be used to 
enable the incompatible pollen to become compatible 
(Knox et al.4). Pandey5 has suggested that mentor pollen 
plays a role in overcoming incompatibility by provision 
of additional free pollen growth substances. So Straub's 
old 'growth-promoting substance'-hypothesis of incom-
patibility sees its resurrection. 
We have tried to find out in our Petunia material 
whether the incompatibility reaction and pollen tube 
growth are influenced by competition between genuine 
pollen with either foreign or irradiated pollen in mix-
tures. 
Materials and methods 
Self incompatible strains of Petunia hybrida, clone 
W166H and W166K, were used (Linskens6). After collec-
tion, pollen of Petunia, Nicotiana, Penstemon, Typha and 
Lilium was stored at -250C. All pollinations were carried 
out in greenhouses. The length of pollen tubes were 
determined under the light microscope using the fluore-
scence method (Linskens and Esser7). X-ray irradiation 
of the pollen material was carried out with an ENRAF-
Röntgen tube, type OEG 60. Dose was checked with a 
Philips Dosemeter, type 37471/90. Dose rate used was 
100 kR/min; exposure time was 10 min. 
Results and discussion 
For the first competition experiments pollen mixtures 
were used of Petunia and Nicotiana alata, belonging to 
the same family (Solanaceae). It was observed that with 
mixtures containing an increase amount of foreign pol-
len (mentor pollen) the pollen tube growth is reduced 
after self-pollination (Fig. 1.) as well as after crosspolli-
nation (Fig. 2.) Maximal inhibition of the genuine pollen 
tubes was obtained at a mixture ratio of 1 part of 
genuine and 4 parts of foreign pollen. When the ratio is 
altered towards more foreign pollen no further increase 
of the inhibition is observed. 
It was easy to distinguish between Petunia and Mco-
tiana pollen tubes, since competition is restricted to the 
very early hours of growth, so that within 12 hours after 
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Fig. 1. Inhibition of pollen tube growth after pollination with 
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Fig. 3. Inhibition of pollen tube growth after pollination with 
mixtures of Petunia (self-pollination) with irradiated and unirra­
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mixtures of Petunia pollen (self-pollination) with pollen of dif­
ferent species. 
pollination the waves of the tips of pollen tubes are 
distinguishable. 
From these results the question anses whether the 
inhibition represents an active process of the living pol­
len tubes during the period of synchronous growth in 
the upper part of the style, or whether the foreign pollen 
exerts a passive influence on the genuine pollen grams 
and tubes, for instance by diffusion of pollen proteins 
(Stanley and Linskens8 ). 
In order to elucidate these questions pollinations were 
carried out with irradiated mentor pollen (1000 kR), of 
which the germination capacity was completely reduced. 
The results (Fig. 3) show that irradiation of the mentor 
pollen does not reduce the inhibitory effect of the added 
mentor pollen on pollen tube growth. 
If, therefore, the inhibitory effect of additional men­
tor pollen is a passive one, one may raise the question 
with regard to possible specificity of this effect, since 
Petunia and Nicotiana are closely related species. In 
further experiments we have used Penstemon (family: 
Scrophulariaceae), Typha ƒ family: Typhaceae) and 
Lilium (family: Liliaceae). The results (Fig 4). demon-
strate that the depressing effect of the mentor pollen on 
the pollen tube growth of Petunia after self-pollination 
depends on the species used as mentor. Typha strongly 
influences pollen tube growth whereas Penstemon 
affects the tube from self-pollination to a lesser extent 
like irradiated self pollen in the pollen mixture. When 
lily pollen was used in the mixture, already the pollen 
germination was affected and pollen tube growth 
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stopped in the upper part of the stigma. 
From these experiments it becomes evident, that 
already processes which take place on the surface of the 
stigma trigger the growth processes in the lower part of 
the style, which implies that signal(s) from the surface of 
the stigma must be sent to the style, the ovary and other 
flower parts. This is also observed when studymg the 
wilting process of flowers, which mdicates that the 
whole physiology of the flower depends on processes 
taking place on the stigma. We have ascertained this by 
carrying out expenments on the fading of outer flower 
parts. 
The experiments reported here confirm that competition 
processes on the stigma and in the style have an important 
influence on the behaviour of the pollen tubes. The 
expression of the incompatibility reaction cannot be 
considered apart from competition m the receptive 
organ of the flower. The flower must be considered as an 
mtegrated organ of the plant where all mechanisms are 
m tune with each other. 
Part of the research wis made possible by the financial support 
from the Association Γ uratom-ITAL. Thanks are due to Mr. 
G. Barendse for reading the manuscript. 
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3. THE ROLE OF THE STYLE AS A SENSE-ORGAN 
IN RELATION TO WILTING OF THE FLOWER. 
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Short Communication 
The Role of the Style as a Sense-Organ in Relation to Wilting of the Flower 
L.J.W. Gilissen 
Dept of Botany, Faculty of Sciences, University, Toemooiveld, Nijmegen, The Netherlands 
Summary. Pollen tube growth in the style (Petunia 
$ χ Nicotiana ¿) accelerated wilting. Pollination and 
germination on the stigmatic surface (Petunia 
$x Atropa (?) did not change the stage of flowering 
in comparison with unpollinated flowers. Wilting of 
the corolla was accelerated by cutting off the stigma 
or cutting the style half-way down. Removal of the 
entire style also brought about an acceleration, how-
ever, to a lesser extent. The role of the style as a 
sense-organ with regard to the transmission of infor-
mation from stigma and style to other flower organs 
is discussed. 
The corolla has an attractive function on insects to 
pollinate the style. It is therefore conceivable that 
pollination of the style may influence the attractive 
function of the flower. 
From pulse-chase labelling experiments (Linskens, 
1974) it is known that within a few hours after pollina-
tion a redistribution of organic compounds between 
the flower organs is initiated. Deurcnbcrg (1976) 
examined the activation of the ovary during the pro-
gamic phase. Both studies demonstrated that signal 
transmission between distinct flower parts does occur. 
This communication deals with experiments 
concerning the functional relationship between style 
and flower of Petunia hybrida L.. 
Plants of Petunia hybrida, clone W166H, were used as female 
parents. Interspecific incompatible pollen was collected from Nico-
tiana alata Link et Otto and Atropa belladonna L., both belonging 
to the same family as Petunia (Solanaceae). The pollen was stored 
at —IS'C before being used for pollination. Pollinations were 
carried out in the greenhouse. Pollen tube growth was observed 
under the light-microscope using the fluorescence method (Lms-
kens and Esser, 1957). 
One day before anthesis the anthers were removed 
from the flowers to avoid self-pollination. Styles were 
treated (cut or pollinated) at the moment the flowers 
had just opened. Each treatment consisted often flow-
ers. 
Three stages in wilting of the corolla can be clearly 
distinguished: 
I. Not wilted (open flower). 
II. Partially wilted (flower has lost its turgor and 
has become limp). 
III. Wilted (flower totally shrivelled). 
Only the first and the third stage will be considered 
in this paper. 
When the stigma was cut off from the style, or 
the style itself was cut off half-way down, wilting 
was strongly accelerated. When the style was entirely 
removed wilting took place somewhat earlier than 
in the control, but was not as pionounced as in the 
other two treatments (Fig. 1 ). 
From earlier experiments it was known that pollen 
of both Nicotiana alata and Atropa belladonna do 
germinate on the stigma of Petunia. Pollen tubes of 
Nicotiana are able to penetrate into the stigma and 
style, but their growth is very strongly retarded due 
to an interspecific incompatibility reaction. On the 
other hand pollen tubes of Atropa do not penetrate 
at all and remain on the stigmatic surface. Wilting 
of Petunia flowers after pollination with Nicotiana 
pollen occurs within the same length of time as it 
does after normal cross-pollination in which pollen 
tube growth is not affected. However, flowers polli-
nated with Atropa pollen show an equal wilting be-
haviour as unpollinated flowers (Fig. 2). 
Hall and Forsyth (1967) showed that stigma and 
style produced by far the greatest amounts of ethylene 
as compared to all other flower parts. This gas is 
closely connected with ripening and wilting processes 
in fruits and flowers. Ethylene production is induced 
by phytohormones like auxins (Burg and Burg, 1966). 
Based on the results obtained it is suggested that 
in case of disturbance of the style great amounts of 
hormones are produced and distributed over the dif-
ferent flower organs. Cutting off the entire style from 
the ovary means removing the main hormone produc-
ing organ. This causes a delay in the wilting process 
as compared with the rapid wilting following partial 
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30 60 90 120 150 
hours after treatment 
Fig. 1. Wilting following partial or total removal of the style of 
Petunia I control, II stigma removed. III style cut off half-way 
down, IV style entirely removed о open flowers, · wilted flowers 
Each treatment consists of 10 flowers 
unpolhnated 
Petunia χ Atropa 
ш 
Petunia χ Petunia 
(Cross - pollination) 
Ж 
Petunia χ Nicotiana 
30 ВО 90 120 150 
hours after pollination 
Fig. 2. Wilting following pollination of Petunia styles with pollen 
of Nicotmna or Atropa I unpollmatcd control, II Petunia* Atro­
pa, III. cross-pollinated control (Petunia χ Petunia), IV Petunia-
xNicotiana о open flowers, · willed flowers Each treatment 
consists of 10 flowers 
removal of the style. The results also demonstrate 
that stigma and style form an undividable complex. 
From the pollination experiment it is concluded 
that pollen tube growth in the style is required for 
well-functioning of the other flower parts. 
It appears that the style is an organ which is able 
to perceive a specific external stimulus, and in its 
tum induces metabolic changes in other parts of the 
organism. On account of these results it is suggested 
that the wilting process of the flower can be used 
as an indication for events taking place in stigma 
and style. 
In conclusion, the results indicate that the style, 
besides governing all kinds of physiological processes 
which lead to or prevent fertilization, also functions 
as a sense-organ. In the latter function the style proba­
bly causes changes in hormonal metabolism and as 
a result information is transmitted to the other flower 
parts. 
The author is much indebted to Prof Dr H F Linskens for 
his stimulating interest, lo Dr Ir G W M Barendse for reading 
andcorrecling the manuscript and to Mrs b R Tummcrs-Moeskcr 
for typing the manuscript This research was made possible by 
financial support from the Euratom-ITAL-association (contract SC 
002-094-71-BIA N) 
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Style-controlled Wilting of the Flower 
L.J.W. Gilisscn 
Department of Botany, Faculty of Sciences, University, Toernooiveld. 
Abstract. Differences in rate of wilting in cross-, self-
and unpollinatcd flowers of self-incompatible Petunia 
hybrida L. clone W166H appeared to be significant. 
Wilting rate was fastest following cross-pollination 
and slowest in unpollinated flowers. The difference 
between wilting behaviour of cross- and self-pollinated 
flowers was not caused by rate of pollen tube growth 
and not by the incompatibility (recognition or rejec­
tion) reaction cither. It is assumed, that, following 
pollination, the wilting reaction is only retarded after 
penetration of pollen tubes of the same genetic compo­
sition as the style (complete self-pollination). The 
number of viable pollen grains necessary to initiate 
a maximal wilting-rate of flowers following cross- and 
self-pollination is about 800, which means that a fifth 
of the stigmatic surface must be covered with living 
pollen grains. It is suggested that pollen tube 
penetration and injury of the style have a similar in­
fluence on the initiation of wilting. 
Willing-rate following pollination is faster in young 
plants as compared with wilting in old plants. The 
wilting process of unpollinated and self-pollinated 
flowers started in the early morning and lasted till 
afternoon. Cross-pollinated flowers wilted indepen­
dently of the hour of the day. The role of flower-wilting 
as a means of communication to the environment with 
regard to pollination of the style is discussed. 
Key words: Flower wilting — Incompatibility — 
Petunia hybrida — Pollen tube — Pollination. 
I. Introduction 
Wilting, being one of the post-pollination phenomena 
in orchids, is initiated and controlled by the rostellar-
stigmalic region of the flower (Arditti and Flick, 1976). 
In Petunia changes in stigma and style are responsible 
Planta 
^· by Springer-Verlag 1977 
Nijmegen, The Netherlands 
for changes of the corolla (Gilissen, 1976). This way 
the role of sense-organ with regards to the transmission 
of information to other flower organs can be ascribed 
to stigma and style. Also with Petunia Gilissen and 
Linskens (1975) observed a relationship between the 
kind of pollination and wilting behaviour of the flower. 
In order to elucidate this relationship a series of experi­
ments was carried out, which included the effect of 
S-alleles and pollen irradiation on the rate of wilting 
of the corolla. 
II. Material and Methods 
A self-incompatible strain of Petunia hvbnda L. clone W166H (in­
compatibility alleles Sj and Sj) was used as female plant. Pollen 
was collected from the following strains of Pelunia hybrida with 
incompatibility alleles mentioned between brackets- W43(S1S1), 
\ 166К(5і5 2),КаЗ(8 28 2),\ 16бН(528э),ТЗАН(8з8з),Т2и(5з8з), 
Ка30(5з5з) and I81E(S,SQ). Pollen from Nicoliana alala Link 
and Otto, Atropa belladonna L., both belonging to the same family 
as Petunia (Solanaceae), Penstemon sp , Trpha sp and Lilium 
longiflorumThunb were also used The pollen was stored at — 25° С 
X-ray irradiation of the pollen material was carried out with 
an EN RAF Rontgen apparatus and an OEG-6() X-ray tube (Mach­
ie« Laboratories Ine )wilh a maximal capacity of 50 kVand 37 mA. 
Dose rale was 100 kR/min (50 kV and 32 mA). Distance from 
Röntgen source was 4.5 cm. The dose was chequed with a Philips 
dose meter type 37471/90. 
ι π ш 
Fig. 1. Stages in the appearance of the corolla 
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30 60 90 120 hours after pollination 
30 60 
hours after pollination 
Fig. 2. The influence of pollen tube growth 
on wilting of flowers of Petunia clone 
W166H (525з) following compatible and 
incompatible pollinations, о — о open 
flowers, · · wilted flowers, • — • 
length of pollen tubes 
Pollination of flowers was carried out on the plants in the 
greenhouse between 12 00 and 14 00 h The age of the plants varied 
between two and four months One day before anthesis the anthers 
were removed from the flowers to avoid self-pollindtion Styles were 
pollinated when the flowers had just opened In each treatment 
ten flowers were used Pollinations were carried out with a brush 
m such a way that the total surface of the stigma was covered 
with pollen grains 
The length of the pollen tubes was determined with a U V 
light microscope (Lmskcns and Esser, 1957) 5 styles were picked 
at random and the length of the bundle of the ten fastest-growing 
pollen tubes in each style was measured 
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Three stages in the appearance of the corolla can be clearly 
distinguished (big I) 
I not wilted (open flower), 
II partially wilted (flower has lost its turgor and has become 
limp), 
III wilted (flower totally shrivelled) 
Only the first and third stage will be considered 
HI. Results 
/ The Influence of S-allele Expression 
and Pollen Tube Growth Rate on Wilting 
In preliminary experiments differences in wilting be­
haviour were found between cross-, self- and unpol-
hnated flowers, as is demonstrated in Figures 2a 
and d, and 3g 
When pollen and style have one S-allele in com­
mon, pollen tube growth is retarded (rejection reac­
tion) In Figure 2 it is shown, that the retardation 
of wilting following self-pollination cannot be ascribed 
to the rejection reaction The expression of the S-alleles 
did not influence the willing process, since only follow­
ing the selfing W166H χ W166H the rate of wilting 
was retarded 
2 Wilting Pollowing Pollination with Foreign Pollen 
and Pollen Killed by X-ray Irradiation 
The presence of living or dead foreign pollen (living 
Nicotiana pollen excluded) or killed Petunia pollen 
on the stigmatic surface was not able to change the 
time of wilting as compared to unpollinated flowers 
(Fig 3) To the pollen a dose of 1000 kR was applied 
This high dose was enough to inhibit germination and 
pollen tube growth 
brom earlier experiments it was known that pollen 
of Atropa was able to germinate and to produce pollen 
tubes on the stigmatic surface of the Petunia style 
These pollen tubes could not enter the style and did 
not influence the wilting process Following pollina­
tion of W166H with pollen of Nicotiana a strongly 
retarded pollen tube growth in the style took place 
This poor pollen tube growth, however, was still 
enough to initiate a wilting behaviour, similar to that 
caused by pollen tube growth following cross-pollina-
tion (Figs 2 and 3) 
3 The Number of Pollen Tubes Necessary 
to Initiate Maximal Wilting 
The number of pollen grains per mg was calculated 
and fixed at 8000 ±400 For pollination 0 5 mg of 
number ol flowers 
10 -
V WIKHiWU 
\ /. S2S3 Si 
X 
\ - í W166 Hi Nicotiana 
v m Η ι Atropa 
' \ / / W166H«Penstemon 
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hours after pollination 
Fig. 3. Wilting of flowers oí Petunia clone W16611(5283) following 
pollination with foreign pollen or pollen irradiated with X-rays 
(dose 1000 kR), о — о open flowers, · — · wilted flowers (pollen 
not irradiated), π — u open flowers, • • willed flowers (pollen 
killed by irradiation) 
pollen grains per style was used A high percentage 
germinated (60-80%) and developed pollen tubes into 
the style 
Addition of killed pollen did not influence in vitro 
germination of untreated pollen Pollination with 
killed pollen did not accelerate wilting in situ (Fig 3) 
Dilution series were made with mixtures of living and 
killed pollen in order to estimate the number of active 
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number of flowers 
10 
tOOO/ 3200/ 2100/ 1600/ B00/ 0/„ 
'о /eoo /1600 km /3200 / o 
number of vital pollen grams 
inactive 
/4θΟΟ 
Fig. 4. Wilting of flowers of Petunia clone W l ó f i H ^ S , ) following 
pollination with varying ratio's of living and killed pollen. The 
wilting-index following pollination is represented as percentage of 
the willing-index of the unpollinated control, plotted against the 
ratio of vital/killed pollen о W166II χ W166H +WI66H irradiated 
(1000 kR), Δ W166HxW166H + Nicotiana irradiated (1000 kR), 
ρ W166HxW166H 1 Nicotiana irradiated (1000 кR), 
о WI66HxW166H + Nicotiana irradiated (1000 кR), 
• WI66HxW166K., · W166HxW166K-rNicotiana irradiated 
(1000 kR) 
pollen grains on the stigma necessary to initiate a maxi­
mal rate of willing following self- and cross-pollination 
(Fig. 4). 
The intersect of the lines representing the number 
of open or wilted flowers (Figs. 2 and 3) was used 
as a wilting index. In Figure 4 these wilting indices 
are expressed as percentage of wilting in relation to 
the unpollinated control (100%). 
Despite the variability it was concluded that the 
number of actively growing pollen tubes in the stigma 
had to exceed 800 to induce maximal rate of wilting. 
This means that about Vs of the stigmatic surface 
must be covered with active pollen grains in order 
to induce normal wilting behaviour. 
4. Influence oj the Age of the Plant on Wilting 
Wilting-rates of flowers of very young and very old 
plants were compared. Unpollinated flowers of 6-
weeks-old plants wilted less rapidly than those of 20-
weeks-old plants, whereas flower wilting following pol­
lination was opposite. The difference in wilting-rate 
between cross- and self-pollinated flowers was not yet 
present in flowers of 6-weeks-old plants and had disap­
peared in flowers of 20-weeks-old plants (Fig. 5). 
W166H unpollinated 
-old plants-
/ " W166 Η unpollinated 
» -young plants-
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Fig. 5. Wilting of flowers of Petunia clone WI66H(S2S3) on young 
and old plants following cross-, self- and non-pollmation, о - о 
open flowers, · - · wilted flowers 
5. Time of Wilting 
In Figure 6 the decrease in the number of open flowers 
is plotted against the hour of the day. Although no 
measurements were done in the early morning it is 
clear that the wilting process (stage II) started at the 
end of the dark period and ceased in the afternoon. 
From afternoon, when temperatures were highest, till 
early morning, wilting was stabilized. This conclusion 
is applicable to the wilting behaviour of unpollinated 
flowers, flowers pollinated with killed pollen and to 
self-pollinated flowers. The wilting process following 
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10 Γ — * - hours af ter pollination 
Fig. 6. Decrease in the number of open flowers of Peiwua clone 
Wl66H(S,S,) during the day following different kinds of pollina­
tions Each pollination consisted ot 25 flowers, о - о open flowers 
cross-pollination look a different course, less depen­
dent on the hour of the day 
IV. Discussion 
1. Measuring Two Aspects of Wilting 
Cross-, self- and non-pollination not only influenced 
the place in time of the wilting-indcx, but also the 
slope of the two lines, representing the number of 
open and willed flowers The slope gives information 
about the velocity of the change in metabolic activity 
Unpollinated flowers can remain in wilting stage II 
for a whole day or even longer, whereas cross-pol­
linated flowers change almost immediately from 
stage I into stage III. 
2 Initiation of Wilt mg 
From literature (Stanley and Linskens, 1965, Linskens 
and Schrauwen, 1969, Heslop-Harnson et a l , 1973, 
Kirby and Smith, 1974) and from own experimental 
results it is known, that pollen, when placed m a wet 
environment, almost immediately releases proteins, 
amino acids and carbohydrates Substances elutcd 
from foreign pollen or killed Petunia pollen into the 
stigmatic exudate did not cause any metabolic changes 
in the flower (Fig 3). In these cases no information 
was transmitted from the Migmatic surface to other 
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flower organs. It may be concluded that metabolic 
changes in the flower, resulting in willing, start at 
the time pollen tubes are penetrating the stigmatic 
surface These metabolic changes may be induced by 
mechanical injury caused by the penetrating pollen 
tubes, or by biochemical action 
The results in Figure 4 show that the wilting reac­
tion depends on the number of pollen tubes penetrating 
the stigma I wo explanations are possible 
— With more pollen tubes a stronger biochemical 
reaction can take place, 
— With more pollen tubes the stigma is injured to 
a greater extent. 
An indication for the second explanation lies in the 
observation, that cutting off the stigma is followed 
by an acceleration of wilting (Gihsscn, 1976) By cut­
ting this way maximal injury is obtained 
The results shown in both Figures 2 and 3 indicate 
that no relationship exists between the rate of wilting 
and the S-allele expression during pollen tube growth. 
It is assumed that the wilting reaction is retarded fol­
lowing penetration of pollen tubes of the same genetic 
composition as the style (complete self-pollination) 
This retarded wilting is not dependent on the homol­
ogous combination of S-alleles, but oí the whole geno-
type. 
The growth-rate of pollen tubes does not influence 
wilting behaviour The clearest confirmation of this 
conclusion is a similar rate of wilting following intra-
specific cross-pollination and interspecific pollination 
with pollen of Nu oltana Pollen tube growth of Nico-
tiana, however, ceases in the top quarter of the style, 
while pollen tube growth following intraspecific cross-
pollination remains unaffected 
3 Variability in the Wilting Behai tour 
Repetition of the experiment in which the S-alleles 
were involved was done on young plants during a 
period of high temperatures The extremes in wilting-
indices were respectively 40 h following 
W166H χ Ka3(S2S3 χ S3S3) and 47 h following com­
plete self-pollination. The results of the latter experi­
ment were in agreement with the results shown in Fig­
ure 2, but less pronounced 
The retarded wilting of pollinated flowers on old 
plants may be due to changed dimensions of the style. 
Diameter and fresh weight of styles of old plants were 
smaller (significantly at the 0 01 level) in comparison 
with those of flowers of young plants The amount 
of stylar tissue, which can be activated by the pene­
trated pollen tubes, may be responsible for the rate 
of wilting 
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4. Wilting as a Means of Communication 
The function of the stigma and style as a sense-organ 
in initiating the wilting process in Petunia flowers has 
been well demonstrated (Gilissen, 1967). As a result 
of changes, probably in the hormonal metabolism 
(Hall and Forsyth, 1967; Burg and Burg, 1966) follow­
ing pollination information is transmitted to other 
flower parts (Linskens, 1974; Deurenberg, 1976). In 
nature Petunia is pollinated by nocturnal moths 
(Brantjes, 1973). Wilting takes place in the morning 
and early afternoon (Fig. 6). Flowers not wilted in 
the afternoon will remain open during the following 
night. Wilting of the corolla can be considered as a 
functional means of communication between the 
flower and the environment: pollinators are no longer 
attracted, when the corolla has ceased functioning as 
a result of pollination. 
The author is much indebted to Prof. H.F. Linskens for his stimulat­
ing interest, to J. van Straten (Dept. Microbiology, Agricultural 
University, Wageningen) and G. Barendse for reading and correct­
ing the manuscript and to Mrs. E.R. Tummers-Moesker for typing 
the manuscript. Thanks are also due to Mr. W. v.d. Brink and 
Mr. A Glaap for growing excellent plant material This research 
was made possible by financial support from the Euratom-ITAL-
asbociation, contract SC 002-094-71-1 ΒΙΛ N. 
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5. THE INFLUENCE OF RELATIVE HUMIDITY ON 
THE SWELLING OF POLLEN GRAINS IN VITRO. 
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The Influence of Relative Humidity on the Swelling 
of Pollen Grains in vitro 
L.J.W. Gilissen 
Dept of Botany, Faculty of Sciences, University, Toernooiveld, Nijmegen, The Netherlands 
Abstract. The volume of hydrated pollen grains of 
Petunia hybrida L. during swelling in germination me-
dium increased three times. The volume of desiccated 
pollen grains increased only two times after transfer 
to the same medium. This difference in swelling ability 
is attributed to different rigidities of the pollen grain 
wall, caused by the different hydration stales. The 
relationship between pollen grain swelling and germi-
nation metabolism with regard to relative humidity 
is discussed. 
Key words: Germination (pollen) — Petunia — Pollen 
grain - Swelling ability. 
Introduction 
The germination of pollen in germination medium 
is greatly influenced by the relative humidity (RH) 
at which the pollen is pretreated. In Petunia, for exam-
ple, the germination capacity of pollen showed a lin-
ear relationship with the RI I at which it was equili-
brated (Gilissen, unpublished). 
After transfer into germination medium pollen 
grains take up a large amount of water within a few 
seconds. This paper describes the effect of RH during 
storage of pollen grains of Petunia hybrida L. on the 
swelling ability of these grains in germination me-
dium. 
Materials and Methods 
/ Pollen 
Collection of pollen of Petunia In brida L and storage were de-
scribed previously (Gilissen, 1976, 1977). 
Abbreviation RH = relative humidity 
2 Relative Humidity (RH) 
Equilibration of pollen at different RH's was done in air in desicca-
tors above P2Ü5 powder (RH = 0%), saturated solutions of СаСІг 
( R H - 3 5 % ) , Ca(NOj)2 (RH = 55%), ( N H 4 ) 2 S 0 4 (RH = 80%) or 
above tap water (RH = 100%) at room temperature The pollen 
was put in open plastic tubes of 3 ml, which were layed down 
on a metal gauze, separating the objects from the drying powder 
or the solvents. 
3 Pollen Diameter Measurements 
The diameter of pollen grains swollen in germination medium was 
measured with a projection microscope (Reichert) within 45 mm. 
The units, which are given in the histograms, correspond with 
the diameter ol the pollen grains in mm, as they were projected 
on the screen of the microscope, 1 unit corresponding to 1 67 μπι 
Every measurement consisted of 100 pollen grains. 
Results 
1. Influence of Relative Humidity 
Figure 1 shows the diameters of swollen pollen grains 
of four clones after equilibration at RH = 100% or 
RH = 0%. After swelling, the diameters of hydrated 
and desiccated pollen grains of the clones W43, 
W166H and W166K followed a normal distribution. 
No such distribution was found for pollen grains of 
clone T2U. About 30% of the pollen grains of this 
clone appeared to be aborted (small and empty). Hy­
drated pollen of all four clones swoll more than desic­
cated pollen. 
Figure 2 shows the relationship between RI I and 
swelling ability of pollen grains of clone W166K. 
Swelling ability increased in a linear fashion with in­
creasing RH's from about 35% and on. 
The volume of a pollen grain in air was approxi­
mated by the formula 4/з π abc (Fig. 3). In clone 
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Fig. 3. Schemaiical diagram of a pollen grain in air (left) and a 
pollen grain after swelling in vitro (right) 
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Fig. 4. The influence of time of hydration or desiccation of desic­
cated or hydrated pollen grains of Petunia In brida clone W43 on 
their swelling in vitro 
W166K mean values of a, b and с were 17.0, 8.7 
and 8.7 μιτι, and in clone W43 17.4, 9.2 and 9.2 μηι 
respectively. The volume of a swollen pollen grain 
in germination medium was calculated according to 
the formula 4/з π г3 (Fig. 3) in which г = radius of 
the pollen grain. When desiccated pollen grains of 
clones W166K. and W43 were swollen in germination 
medium their mean radii became 14.5 and 14.2 μπι 
respectively. When hydrated pollen grains of the same 
clones were swollen these values were 16.4 and 
16.9 ц т respectively. The calculated volumes are 
given in Table 1. It appeared that hydrated pollen 
grains took up much more water than desiccated pol­
len grains did. 
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2. Duration of Hydration and Desiccation 
Pollen grains of clone W43 were equilibrated at RH = 
0% before transfer to RH=100%. At distinct times 
after transfer diameter measurements were carried out 
in germination medium (see Materials and Methods). 
Immediately following transfer to RH = 100% the 
ability of the pollen grains to swell increased rapidly 
during the first 40 min (Fig. 4). When the opposite 
treatment was carried out, pollen of clone W43 was 
equilibrated at RH =100% before transfer to RH = 
0%, the ability to swell remained constant for about 
15 min and than rapidly declined to become constant 
after 2 h. 
Discussion 
A rapid decrease in the swelling ability of pollen 
grains of Petunia hybrida L. was observed after trans­
fer of the pollen from high to low RH. A similar 
result was obtained with regard to the germination 
capacity. Germination of pollen grains in germination 
medium (10% sucrose, 0.01% H3BO3) was minimal 
after pretreatment of pollen at RH = 0% and maximal 
after pretreatment at RH = 100%. The low germina­
tion capacity at RH = 0% could (as could the swelling 
ability, see Fig. 4) wholly be restored after transfer 
of the pollen to RH = 100% (Gilissen, unpublished). 
It is suggested that the pollen grain wall becomes 
more rigid the more it is desiccated. This rigidity 
probably inhibits normal stretching of the pollen 
grain wall during swelling. Coster et al. (1976) have 
determined, that the measure of stretching of the cell 
wall influenced the thickness of the plasma membrane. 
The influence of RH on the plasma membrane of 
Petunia pollen grains was confirmed by diameter mea­
surements in distilled water, which is osmotically hy­
potonic with regard to the pollen plasm. It appeared 
that pollen hydrated at RH = 35% and more showed 
increasing pollen rupture, in contrast to desiccated 
pollen, which showed no rupture at all (Gilissen, un­
published results). The thickness of the plasma mem­
brane, which is dependent on the stretching of the 
cell, influenced the cell's osmoregulation (Coster et al., 
1976). Probably this osmoregulation may in turn in­
fluence the germination metabolism in the pollen pro­
toplasm. 
It is also possible, however, that the germination 
metabolism of the pollen grain needs a special plasma-
water-ratio to start functioning. In partially stretched 
cells, e.g. when desiccated pollen grains are put in 
germination medium, this ratio may be not reached 
and the pollen grains do not germinate. 
It appeared that water molecules from the air are 
able to penetrate and leave the pollen wall and the 
pollen protoplasm very easily. After penetration into 
the pollen grain water molecules do activate pollen 
respiration (Hoekstra and Bruinsma, 1975). Germina­
tion probably only occurs when enough water is taken 
in during the swelling of the pollen grain. This swell­
ing ability may be dependent on uptake of water 
molecules from the air in a similar way as is pollen 
respiration. 
The author is much indebted to prof. H.F. Linskens for his stimu­
lating interest, to J. van Straten (Dept. of Microbiology, Agricul­
tural University, Wageningen) for correcting the manuscript and 
to Miss J. Verhoeven for typing the manuscript Special thanks 
are due to Mrs. C. Polman-Molenaar, who did the initial work 
of this research. This investigation was made possible by financial 
support from the Euratom-I I AL-association, contract SC 002-094-
71-1 ΒΙΑΝ. 
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Post-X-irradiation effects on pollen germinating in vitro and in vivo 
L.JW Gihssen 
Dept of Botany, Faculty of Sciences, University, Toernooiveld, Nijmegen, The Netherlands 
Abstract. The germination of Petunia hybnda L. pollen 
grains in germination medium, containing 10% sucrose 
and 0.01% H3BO3, was linearly related to relative humi-
dity (RH) being minimal at 0% RH and maximal at 
100% RH The low germination at 0% RH was com-
pletely restored after transfer to 100% RH. Germination 
in medium decreased with increasing X-ray exposures 
between 0 and 400 kR. This decrease was caused by 
pollen rupture. No m vitro germination occured at 
exposures of 400 kR and more. The radiosensitivity of 
pollen in vitro was minimal at 80% RH. Transfer of 
pollen to the stigma post-X-irradiation resulted in resis-
tance to much higher exposures of irradiation (> 
750 kR) The differences in radiosensitivity of the pollen 
germinated in vitro and ¡n vivo are due possibly to the 
differences in composition of the germination medium 
and the stigmatic exudate. 
Pollen tube growth of irradiated pollen after compa-
tible or incompatible pollination at first showed retarded 
then normal tube growth. A conclusion is that X-irradia-
tion of pollen cannot influence tne characteristics of 
pollen tube growth after compatible or incompatible 
pollination. 
Introduction 
The viability of pollen is greatly influenced by the rela-
tive humidity (RH) of the equilibrating air (Hoekstra 
and Brumsma7'8). The RH also influences in vitro germi-
nation (Stanley18, Stanley and Linskens19) and the capa-
city of the pollen to cause seed set (Muller and 
Schilowa12) The RH of the air also determines to what 
extent ionizing radiations can inhibit pollen germination 
in vitro (Brewbaker and Emery2, Casaret3, Read15). 
Irradiation experiments of pollen of self-incompatible 
clones of Petunia hvbnda showed a high radioresistance 
(Gihssen6) to in vivo germination and tube growth. 
However, the LD100 of Ρ hybnda pollen grains was con­
siderably higher than expected from data given by Brew-
baker and Emery2 for pollen of P. inflata and Nicotiana 
langsdorfn, both belonging to the So/anaceae-family, 
having pollen grains which are similar to those of P. 
hybnda. The present paper reports on the effects of RH 
and X-rays on pollen of Ρ hybnda. Special attention is 
given to the difference in radiosensitivity between pollen 
germinating in in vitro and in vivo systems. 
Materials and Methods 
1. Collection and storage of pollen 
Anthers were collected from flowers just after, and 
flower buds just before anthesis (at anthesis the anthers 
burst open and deliver mature pollen grains). Pollen of 
the following clones of Petunia hybnda L. were used, 
with incompatibility alleles indicated between brackets 
W43 (S1S1), W166K (S1S2), W166H (S2S3) and T2U 
(S3S3). The anthers were dried at room temperature 
(20-24oC) and room humidity (RH = ~ 40%) for one 
day. After drying, the pollen was separated from the 
anthendial walls and stored at —250C 
2. Relative humidity (RH) 
Equilibration of pollen at different RH's was done in air 
in desiccators above P2O5 powder (RH = 0%), saturated 
solutions of CaClz (RH = 35%), Ca(N03)2 (RH = 55%), 
(NH4)2S04 (RH = 80%) or above tap water (RH = 
100%) at room temperature (Merck Hilfstabelle fur das 
chemische Laboratonum). The pollen was put in open 
40 
plastic 3 ml tubes, which lay on a metal gauze above the 
drying powder or solvents. 
3. Pollen irradiation 
X-irradiation of pollen was earned out with an ENRAF 
Rontgen apparatus and an OEG-60 X-ray tube (Machlett 
Laboratories, Inc.) with a maximal capacity of 50 kV 
and 37 mA, the exposure rate was 100 kR/min (Philips 
dose meter, type 37471/90) at 50 kV and 32 mA with a 
target distance of 4 5 cm Irradiations were carried out at 
high RH (approximately 100% RH, unless otherwise 
stated) with the pollen in a little petn dish (φ 4 cm), 
which was placed in a larger one (ψ 11 cm), containing 
water saturated filter paper. Temperature during irradia­
tions was 20°С 
The radiosensitivities of pollen from four clones germi­
nated ш vitro were compared For 90 mm before and 
during irradiation pollen was stored at 100%RH 
Pollen of clone W166K was exposed to 250 kR at dif­
ferent RH's Immediately after irradiation the pollen was 
transferred and kept for 90 mm in air of 100% RH to 
reactivate pollen germination as far as possible 
4. Pollen diameter 
Pollen diameter was measured (blind scoring), using a 
Reichert projection microscope, in units relative to the 
pollen grain image diameter projected on the microscope 
screen (1 image unit= 1.67μΓη). 
5. In vitro pollen germination 
Pollen (4-7 mg) was incubated in 1 ml germination 
medium in a 25 ml brlenmeyer flask. At these densities 
optimal germination was obtained (modified according 
to Schrauwen and Linskens16). The germination medium 
contained 10% sucrose and 0 01%boric acid dissolved 
m distilled water. Addition of Ca-ions did not improve 
germination. The flasks were shaken (120 strokes/mm) 
for 3 hr at 24-260C on a reciprocating shaker After 
shaking, pollen germination was measured with the pro 
jection microscope. Pollen grains were considered to be 
germinated when they had produced a pollen tube which 
was at least equal to or longer than half the gram dia­
meter. Each percent germination was calculated from 
800 pollen grams. 
6. In vivo pollen tube growth 
Pollen was always equilibrated at 100% RH for at least 
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Fig. 1. Influence of RH during storage (prior to germination) on 
germination of pollen ol Petunia hybnda donc W166K (mean ± 
S.D.). 
30 mm before pollination. The length of the pollen 
tubes was determined with a U.V.-hght microscope 
(Linskens and Esser11): five styles were picked at 
random and the length of the bundle of the ten fastest-
growing pollen tubes in each style was measured. 
Flowers of clone W166H (S2S3) were used as female 
parents. 
Results 
1. Radiosensitivity of pollen germinating in vitro 
The germination of pollen (clone W166K) was linearly 
related to RH (Itihr equilibration) (Fig 1) The germi­
nation could wholly be restored after transferring pollen 
from 0% to 100% RH (Fig. 2). 
After exposing pollen of four clones to 400 kR and 
more no germination was observed (Fig. 3). 
Pollen germination of clone W166K was more affected 
after X-ray exposures at RH < 50% than at RH > 50% 
(Fig. 4) Although differences were not evaluated statis­
tically pollen irradiated at 80% RH appeared to be the 
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Fig. 2. Influence of rehydration of desiccated pollen of Petunia 
hybnda clone W166K on germination. 
least sensitive. Controls at different RH's had 65 ± 3% 
germination (mean ± S.D.). Desiccated W43 pollen (in 
contrast to hydrated pollen) lost its germination capa-
city at lower X-ray exposures (Figs. 3d and 5). 
2. Pollen swelling following X-irradiation 
Irradiated pollen did not swell as much as unirradiated 
control pollen hydrated pollen exposed to 400 kR after 
placement in germination medium, showed normal swel-
ling within a few seconds, but soon ruptured, pressing 
part of the protoplasm out, but remaining spherical. 
Ruptured pollen could only be distinguished from 
unaffected pollen by its diameter The peak diameter of 
unirradiated pollen grains in germination medium was 
21 units (Fig. 6a). The diameter of the pollen grains 
decreased with mcreasing dose. This decrease was due to 
pollen rupture, which m turn correlated the decrease m 
germination of the irradiated pollen. 
3. The influence of pollen irradiation on compatible and 
incompatible pollen tube growth 
In contrast to the in vitro experiments (Fig. 3), pollen 
germination on the stigma and subsequent tube growth 
in the style (Fig. 7) was observed even after an exposure 
at 750 kR. The X-irradiations did not affect the charac-
tenstics of pollen tube growth after compatible and 
incompatible pollinations. Similar results were observed 










Fig. 3. The effect of X-irradiation on germination of pollen of 
Petunia hybnda hydrated at 100% RH. Germination percentage 
of the unirradiated controls (normalized to 100%) was 49, 63, 
55 and 61% for clones T2U, W166K, W166H and W43, respec­
tively. 
Discussion 
1. Radiosensitivity of pollen in vitro and in vivo 
Pfahler14 investigated the influence of 7-irradiation on in 
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Fig. 4. Influence of X-irradmtion (250 kR) on germination of 
pollen of Petunia hybrida done W166K (mean ± S.D.). 












Fig. 5. The eftcct ot X-irradiation on germination of pollen ol 
Petunia hybnda donc W43 desitcated at 0% RH. dermination 
ptrccntage of the unirradiated control (normalized to 100%) was 
5 2 % 
400 kR 
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Fig. 6. The effect of X-irradiation on pollen diameter ot Petunia 
hybnda done W43. 1 ach histogram represents 50 pollen grains. 
mature pollen of Zea mays L. and reported an increasing 
percentage of pollen rupture after irradiation with 
increasing exposures between 0 and 120 kR. He sugges­
ted that the primary effect of 7-irradiation on pollen 
grains of Zea mays was associated with the structure 
and/or the synthesis of the cell membrane. 
The results obtained in this study (see Results, 2) 
likewise indicate an influence of X-irradiation on the 
plasma membrane. Huybers9 showed that λ-rays oxi-
dued unsaturated bonds in membranes of duckling liver 
cells. The fluidity of biological membranes depends in 
part on the number of unsaturated fatty acids in the 
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Fig. 7. The effect of X-irradiation of pollen of Petunia hybrida 
clone W43 (compatible) and W166H (incompatible) on pollen 
tube growth in vivo. 
membrane (Singer and Nicolson17). Therefore it is sug­
gested that pollen rupture in germination medium as a 
result of X-irradiation is caused by an alteration in plas-
mamembrane fluidity, due to oxidation of unsaturated 
compounds. 
Because of the observed post-X-irradiation (750 kR) 
pollen tube growth in styles it was concluded that irra­
diated pollen dit not rupture when it was applied to 
stigmatic exudate. This exudate in Petunia hybrida con­
tained about 80% oil and other fatty substances (Konar 
and Linskens,&). It is suggested that these substances 
exercise a beneficial influence on the damaged pollen 
grain membranes and protect them against rupture. The 
difference in radiosensitivity between pollen in vitro and 
in vivo is probably related to the difference in compo­
sition of the germination medium and the stigmatic 
exudate. 
2. Relative humidity and radiosensitivity of pollen 
Hydration influences pollen radiosensitivity. Desiccated 
pollen was more sensitive than hydrated pollen (Fig. 3d 
and 5). However, with increasing exposure the rate of 
decrease in germination was approximately the same for 
both hydrated and desiccated pollen. This observation 
agrees with data reviewed by Brewbaker and Emery2, 
who reported that desiccated pollen was about twice as 
radiosensitive as hydrated pollen. They also showed 
equal slopes for lines representing the germination capa­
city of desiccated and hydrated pollen after irradiation 
with different exposures, as in Figs. 3d and 5. 
The results represented in Fig. 4 suggest that minimal 
radiosensitivity exists at about 80% RH, thereby corre­
lating with a minimal seed radiosensitivity, as was obser­
ved at a special humidity equilibration condition (Biebl 
and Mostafa1). In seeds, minimal radiosensitivity is due 
to several kinds of radiation induced radicals, which 
react with oxygen at specific RH's or moisture contents 
(Notani and Gaur13, Conger etaLs, Conger and Constan­
tin4). Because seed and pollen in air both are systems 
with a low water content, one may assume a similarity in 
mechanisms of radiosensitivity for them. 
3. Influence of X-rays on compatible and incompatible 
pollen tube growth 
Compatible and incompatible tube growth of pollen irra­
diated with different doses of X-rays was initially retar­
ded (Fig. 7). This retardation was longer with increasing 
doses. After retardation, normal compatible or incompa­
tible pollen tube growth was restored. Thus, it is con­
cluded that X-irradiation of pollen is not able to alter 
the characteristics of compatible or incompatible pollen 
tube growth. 
The author is much indebted to Prof. H.I-. Linskens for his 
stimulating interest, to J. van Straten (Dept. Microbiology, Agri­
cultural University, Wageningen), P. Werry (ITAL, Wageningen) 
and Μ. К roh for reading and correcting the manuscript and to 
Miss J. Verhoeven for typing i t Thanks are due to Mrs. С Pol­
man-Molenaar, Mr. Α. Schenkels and Mr. L. Vermeulen for 
cooperation and to Mr. W. v.d. Brink and Mr. A. Glaap for 
growing excellent plant material This research was made 
possible by financial support from the Euratom-ITAL·asso-
ciation, contract SC 002-094-71-1 ΒΙΑ Ν. 
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Involvement of physiological factors in the weakening of incompatibility in Petunia 
L.J.W. Gihssen 
Dept of Botany, haculty of Scieinces, University, Toernooiveld, Nijmegen, The Netherlands 
Abstract. After bud-pollination of immature styles of 
Petunia hybnda L. the growth of these styles was inhi-
bited The rate of pollen tube growth was not influenced 
by stylar age from 48 hr before anthesis Weakening of 
incompatibility after bud-pollination, therefore, was due 
to shortness of these styles However, activities of some 
enzymes essential for basic metabolism changed remar-
kably during maturation and ageing of the style These 
results taken in combination gave nse to the idea, that 
pollen tube growth would be independent of the meta 
bohc stage of stylar cells. 
The incompatibility reaction was devisible into two 
phases. During the first phase, which lasted about 30 hr, 
pollen tube growth rate was about 0.6 mm/hr, during 
the second phase, this rate changed to about 0.2 mm/hr. 
In two clones the growth rate of the second phase 
increased towards that of the first phase when the 
flowers were isolated from the plants. This weakening of 
the incompatibility reaction only occurred after self-
pollination. However, tubes of pollen grains of other 
clones, with incompatibility alleles similar to those of 
the style, but borne in another genetica! background, 
showed a normal incompatibility reaction in styles of 
isolated flowers It is concluded that the recognition 
reaction between pollen and styles, and the subsequent 
acceptation or rejection of the pollen tubes, is depen-
dent on more factors than the incompatibility alleles 
alone The coexistence of an intracellular metabolism 
in stylar cells and an extracellular metabolism m the 
substance between the cells of the transmitting tissue is 
discussed 
Introduction 
Physiological factors are able to influence the S-gene-
controlled pollen tube growth m styles of a number of 
species, which show a gametophytically determined 
incompatibility reaction. One of these factors is the 
maturation stage or the age of the flower. Linskens 
(1964) studied the influence of castration of isolated 
flowers at different stages of flower development on 
pollen tube growth. Bud-pollination, a practised method 
m plant breeding, caused seed setting in Petunia (Shi-
vanna & Rangaswamy, 1969). Flower age influenced the 
pattern of the incompatibility reaction in Lilium 
longiflorum (Ascher & Peloquin, 1966) and in Nicotiana 
alata (Bredemeyer, 1976). Another factor influencing 
incompatible pollen tube growth in some clones of 
Petunia is isolation of the flowers from the plants. This 
factor became apparent in a preliminar experiment m 
which incompatible pollen tube growth m isolated 
flowers was compared with that in flowers, which 
remamed on the plant (Gihssen, unpubhshed results). 
In the present investigation a study was made of the 
mechanism by which the incompatibility reaction m the 
styles of flower buds is evaded. In addition, the growth 
of compatible and incompatible pollen tubes was deter-
mined m relation to the age of the flower and to the 
effect of isolation of the flower from the plant. These 
studies were complimented by physiological investiga-
tions of the development with time of the activities of 
enzymes m the style after cross- and self-pollination with 
a view to obtaining parameters indicative of the state of 
cell metabolism. 
Materials and Methods 
1. Collection and storage of pollen 
Anthers were collected from flowers just after, and from 
flower buds just before anthesis Pollen of the following 
clones of Petunia hybnda L. was used with incompatibi-
48 
lity alleles indicated in parentheses: W43 (S1S1), W166K 
(S1S2), Ka3 (S2S2), W166H (S2S3), T3AF (S2S3) and 
T2U (S3S3). The anthers were dried at room tempe­
rature (20-24oC) and at a relative humidity of about 
40% for one day. After drying, the pollen was separated 
from the antheridial walls and stored at —250C. 
2. Pollination 
Styles of emasculated flowers were pollinated in the 
greenhouse, unless stated otherwise. 
which is therefore important in case of nett-synthesis 
of protein (Roggen, 1967). 
The specific activities of these enzymes were measured 
and expressed in U/mg protein: the enzyme activities of 
I and II were measured at 25°C, Hg 405 nm, turnover of 
p-nitrophenyl-phosphate -»• p-nitrophenol; the enzyme 
activity of III was measured at 25°C, Hg 340 nm, 
turnover of NADH -*• NAD+ (Boehringer, Mannheim 
GmbH). 
Results 
3. Pollen tube length measurement 
The length of the pollen tubes was determined with a 
U.V.-fluorescence microscope (Linskens & Esser, 1957): 
five styles were selected at random and the length of the 
tenth fastest-growing pollen Jube was measured. 
4. Seed setting 
The number of seeds formed in seed capsules of clone 
W166K after bud-pollination with incompatible pollen 
was determined. In each pollination between 16 and 49 
seed capsules were involved. 
5. Enzyme activities in styles 
Ten styles, separated from the ovary, were homogenized 
for 2 min at 0oC in 0.1 M TRIS-HCl-buffer (pH=7.6) 
with a Braun homogenizer. After centrifugation of the 
homogenate for 10 min at 350,000 N/kg the upper 
(fatty) layer was removed with a pipette. The homoge­
nate was centrifuged again for 20 min at 350,000 N/kg. 
Enzyme assays were carried out on the supernatants 
with enzyme test-kits (Boehringer, Mannheim GmbH, 
Biochemica, W.-Germany). Protein content in the super­
natant was measured according to Lowry et aL (1951). 
The enzymes chosen for measuring were: 
I. α-mannosidase, ß-galactosidase, j3-glucosidase and 
N-acetyl-/3-glucosaminidase, because they should be 
involved in degrading processes, which take place in 
the style during pollen tube growth (Linskens et al., 
1969,1970). 
II. Acid phosphatase, which should be related with 
energy transport processes (Schlösser, 1961; Rog-
gen, 1967). 
III. Glutamic-oxaloacetic-transaminase (GOT), which 
should play an intermediate role between carbohy-
drate- and amino-acid-metabolism in the style and 
1. Bud-pollination 
In clone W166K (Figure 1) growth rate of incompatible 
pollen tubes in styles of flower buds pollinated 48 and 
24 hr before anthesis and in styles of mature flowers at 
anthesis was 0.60 ± 0.01 mm/hr during the first 26 hr 
after pollination irrespective of the age of the style. The 
growth rate started to decrease at about 30 hr after polli-
nation. 
Seed settings after bud-pollinations are given in 
Table 1. Self-pollination of immature styles at 48 hr 
before anthesis resulted in seed setting, which was not 
significantly different from seed setting after cross-polli-
nation of mature styles. 
After pollination, further growth of the style was 
inhibited (Figure 1). This inhibition enabled incompa-
tible pollen tubes to grow through the style and to cause 
fertilization. 
2. Pollination of aged styles 
In clone W166H (Figure 2) the growth rate of incompa-
tible pollen tubes is the same in styles of all ages, even in 
wilted flowers, self-pollinated at 96 hr after anthesis. 
Table 1. Influence of the age of the style on seed setting 
after pollination with incompatible pollen 
Table 1 
Age of the style 






Number of seeds per seed capsule 
(mean ± S.D.) : 
j , self-pollinated 
cross-pollinated 
59 ± 12 
24 ± 9 
0.0 
62 ± 9 
49 
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hours after pollination 
Fig 1. Incompatible pollen tube growth ( · - · ) and 
growth of the style (о o) after pollination of styles of 






length Of pollen tubes (mm) hours after pollination 
Fig. 2. Incompatible pollen tube growth after polli­
nation of styles of Petunia hybnda clone W166H at 
anthesis (• - •), at 24 hr (a - u), at 48 hr (о o), at 








length of pollen tubes (mm) houn after pollination 
Fig 3 Compatible and incompatible pollen tube 
growth m styles of Petunia hybnda clone W166K after 
isolation of the flowers from the plant. Isolated flowers 
remained in the same environmental conditions (light, 
temperature) as the control flowers 
• - • control cross-pollination W166K 9 χ T2U d 
• · (WI66K 9 χ T2U d) after isolation of the 
flowers at t=0 hr 
π - π control self-pollination (W166K 9 χ W166K d) 
" о (W166K 9 χ W166K d) after isolation of the 
flowers at t=0 hr 
л л (W166K 9 χ W166K d) after isolation of the 
flowers at t=29 hr 
When flower were isolated at later times after polli­
nation, differences between incompatible pollen tube 
growth in isolated and in control flowers were significant 
after isolation at t=36 hr, but not significant after isola­
tion at t=48 hr after pollination. 
10 20 30 40 
I I I I 
length of pollen tubes (mm) hours after pollination 
Fig 4 Compatible and incompatible pollen tube 
growth in styles of Petunia hybnda clone T2U after iso­
lation of the flowers from the plant. Isolated flowers 
remained in the same environmental conditions (light, 
temperature) as the control flowers. 
• - • control cross-pollination (T2U 9 χ Wl66K d) 
β · (T2U 9 χ W166K d) after isolation of the 
flowers at t=0 hr 
π - u control self-pollination (T2U 9 χ T2U d) 
о - о (T2U 9 χ T2U d) after isolation of the flowers 
at t=0hr 
л л (T2U 9 χ T2U d) after isolation of the flowers 
at t=36 hr 
When flower were isolated at later times after polli­
nation, differences between incompatible pollen tube 
growth in isolated and in control flowers was not signifi­
cant after isolation at t=48 hr after pollination. 
3. The influence of isolation of flowers on the incompa­
tibility reaction 
Incompatible pollen tube growth in styles of the clones 
W166K, T2U and W166H, after isolating the flowers 
from the plants at any time following pollination, is 
demonstrated in Figures 3, 4 and 5, respectively. The 
incompatibility reaction in the clones W166K and T2U 
was weakened after isolation of the flowers. The growth 
rate of incompatible pollen tubes in isolated flowers of 
clone W166K even equalled the growth rate of compa­
tible growing ones. In clone W166H, however, isolation 
of flowers did not influence the incompatibility reac­
tion. 
This change in the incompatibility reaction in clone 
W166K, due to isolation of the flowers, only took place 
after complete self-pollination. Pollen of the clones W43 
(SISI) or Ka3 (S2S2) bear their incompatibility alleles 
in another genetic background in comparison to pollen 
of clone W166K. Pollination of styles in isolated flowers 
of clone W166K with pollen of clones W43 or Ka3 
showed a normal incompatibility reaction (Figure 6). 
4. Hnzyme-activities in cross- and self-pollinated styles 
No activities were measured of /3-glucosidase, (3-galacto-
sidase and a-mannosidase. A very low activity was mea-
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length of pollan tubes (mm) houri after pollination 
Fig S Compatible and incompatible pollen tube 
growth in styles oí Petunia hybnda clone WI66H after 
isolation of the flowers from the plant. Isolated flowers 
remained in the same environmental conditions (light, 
temperature) as the control flowers 
• - • control cross-polhnation (W166H 9 χ 181E d) 
• · (W166H 9 χ 181E d) after isolation of the 
flowers at t=0 hr 
о - D control self-pollination (W166H 9 χ W166H d) 
о - о (W166H 9 χ W166H d) after isolation of the 
flowers at 1=0 hr 
л - Δ (W166H 9 χ W166H d) after isolation of the 
flowers at t=36 hr 
When flowers were isolated at later times after pollina­
tion, the same results were obtained 
length of pollen tubes (mm) hours after pollination 
Fig 6 Pollen tube growth in styles of Petunia hybnda 
clone W166K after isolation of the flowers from the 
plant at t=0 hr This experiment was earned out in an 
incubator at 22°C. 
• • control cross-pollination (W166K 9 χ T2U d) 
n - n (W166KxW166K) 
л _ л (W166KxW43) 
o - o (W166KxKa3) 
sured of N-acetyl-ß-glucosaminidase, which remained 
constant at 0.025 ± 0.003 U/mg protein, irrespective of 
the kind of pollination and the age of the style. (Measu-
rements were carried out between 0 and 48 hr after 
an thesis). 
Enzyme activities of GOT and acid phosphatase in 
styles of clone W166H, between 48 hr before and 72 hr 
after anthesis, are demonstrated in Figure 7. Changes in 
the enzyme activities of GOT and acid phosphatase 
during maturation and ageing of the style followed an 
52 
0 30 τ е п х У г п е activity (U/mg protein) 
0,0 Ι ι ι ι ι ι 
-48 -24 0 24 48 72 
Fig 7. Changes with time in activities of GOT and 
acid phosphatase in styles of Petunia hybrida clone 
W166H. At t=0, anthesis takes place. GOT- and acid-
phosphatase-activities were measured in the supernatants 
autonomous pattern which was not (in case of acid 
phosphatase) or only little (in case of GOT) dependent 
on pollination. 
Discussion 
1. Seed setting after bud-pollination 
Seed setting in flower buds of clone W166K was facili­
tated by inhibition of growth of the style (Figure 1). 
This inhibition is due to pollination, as was observed by 
Linskens (1964). Incompatibility was weakened by 
shortness of the style. It was found here, that this 
weakening was not due to changes of the incompatibility 
reaction as measured by the growth rate of the pollen 
tubes. 
2. The biphasic course of incompatible pollen tube 
growth 
The growth rate of compatible pollen tubes in styles of 
clone W166K was equal to the growth rate of incompa­
tible pollen tubes during the first 30 hr after pollination. 
From this time on, the divergence between the compa­
tible and the incompatible growth rate became more and 
more obvious (Figure 3). This means that the course of 
incompatible pollen tube growth in clone W166K is 
Acid Phosphatase 
I I I I I I 
-48 -24 0 24 48 72 
time (hr) 
of the same homogenate. 
л _ Δ unpollinated styles 
о о self-pollinated styles 
π _ α cross-pollinated styles 
divisible into two phases. The second phase appeared to 
be unstable in clone W166K and clone T2U (Figures 3 
and 4), but stable in clone W166H (Figure 5), irrespec­
tive of whether the flowers were isolated before or after 
growth of pollen tubes took place. Pollen tube growth 
rate during the second phase reverted then towards 
that of the first phase. 
Because of the similarity in the growth curves of 
incompatible pollen tubes in styles of clone W166K and 
in styles of other clones it is concluded that in those 
other clones the incompatibility reaction is also divisible 
into two phases. 
3. Recognition between pollen tubes and stylar tissue 
The growth rate of compatible pollen tubes of clone 
T2U in styles of clone W166K (Figure 3) differed from 
that in styles of other clones (Figures 4 and 5). Pollen of 
clone T3AF bears the incompatibihty allele S3 in 
another genetic background in comparison to the 
S3-allele in clone T2U. After pollination of styles of 
clone W166K with pollen of clone T3AF, the same 
growth rate was observed as after pollination with pollen 
of clone T2U (unpublished result). Both kinds of pollen 
tubes were not able to attain a growth rate, normal for 
compatible pollen tubes in other clones. Probably, in 
styles of clone W166K a factor is absent, which enables 
pollen tubes in styles of other clones to attain normal 
compatible growth rate. 
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The mcompatibihty reaction was weakened in isolated 
flowers of clone W166K and clone T2U, which were 
self-pollmated (Figures 3 and 4). Tube growth of pollen 
of clone W43 (SISI) or clone Ka3 (S2S2) in styles of 
isolated flowers of clone W166K did not undergo this 
change m growth rate (Figure 6). This is probably due to 
the fact that the incompatibility alleles SI and S2 of 
clone W43 and clone Ka3 respectively, are bome in a 
different genetica! background in comparison to the Sl­
and S2-alleles m clone W166K. This means that the 
recognition reaction is not only dependent on S-speci-
ficity. It is concluded that factors beyond the incompati­
bility alleles are also involved in the recognition event, 
which leads to compatible or incompatible pollen tube 
growth. 
4. Pollen tube growth and stylar metabolism 
The growth rate of pollen tubes after self-pollination was 
independent of stylar age from 48 hr before anthesis 
(Figures 1 and 2) Enzyme activities of GOT and acid 
phosphatase, however, were subject to variation during 
stylar maturation and ageing (Figure 7) These results, 
taken in combination, suggested the idea that incompa­
tible and compatible pollen tube growth in Petunia is 
independent of the metabolic stage of the stylar tissue 
from 48 hr before anthesis This idea is further supported 
by the observation that the characteristic pattern of 
incompatible or compatible pollen tube growth is not 
altered after exposure of styles of clone W166H to 500 
kR of X-rays, which, concerning stylar wilting, must 
have a disturbing influence on stylar metabolism 
(Gdissen, next paper). A third argument stems from the 
fact that pollen tube growth in vitro also shows an 
independence of external metabolic activity. 
However, these results seem to be in contradiction to 
the observed weakening of incompatibility in clone 
W166K and clone T2U, due to isolation of the flowers 
(Figures 3, 4 and 6). This contradiction is eliminated 
when one accepts that in the style two metabolic 
systems do coexist. The first one is an intracellular meta­
bolism. Changes in the patterns of activity of GOT and 
acid phosphatase, then, occur in the cells of the style 
(Figure 7). The second metaboLc system m the style is 
extracellular in the 'intercellular substance' (termino­
logy Sassen 1974) between the cells of the transmitting 
tissue. Pollen tube growth takes place in this intercellular 
substance. The recognition reaction and the rejection 
reaction (Lmskens, 1974), which can be influenced by 
isolation of the flowers from the plant (Figures 3, 4 and 
6), also take place here. 
Research on the coexistence of two distinguished 
metabohsms m the style and their interrelationship 
seems valuable now. 
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stimulating interest and to Л Ь Croesforcorrectingthemanuscript 
Thanks are due to Mr. P. van der Werken foi carrying out the 
enzyme assays, and to Mr. W. van den Brink and Mr. A. Glaap 
for growing excellent plant material. The author is especially 
grateful to Mr. J. Geertsen for drawing the figures. This research 
was made possible by financial support from Euratom-ITAL-
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Effects of X-rays on seed setting and pollen tube growth in self-incompatible Petunia 
L.J.W. Güissen 
Dept. of Botany, Faculty of Sciences, University, Toemooiveld, Nijmegen, The Netherlands. 
Abstract. The high sensitivity of seed setting and the 
relative insentivity of pollen tube growth in the style to 
X-irradiation of pollen of Petunia hybrida L. indicated 
that pollen tube growth is independent of activities of 
the pollen genome. The S-specificity of the pollen grain 
in relation to incompatibility must, therefore, have built 
up during maturation of the pollen grain. X-irradiation 
of styles caused changes in some enzymes essential for 
basic metabolism, without affecting the pattern of 
compatible or incompatible pollen tube growth. 
Compatible and incompatible pollen tube growth in the 
style appeared to be independent of the metabolic state 
of the stylar cells and their simultaneous gene-activity. It 
is suggested that the S-specificity of the style, which is 
responsible for pollen tube growth regulation, is ex-
pressed at a very young stage of flower development. 
Introduction 
The incompatibility reaction in Petunia hybrida L. finds 
its expression in a retardation of pollen tube growth in 
the style. The mechanism behind this incompatibility 
reaction and the way at which pollen tube growth in the 
style is regulated, are not yet elucidated. Many theories 
about this subject appeared on the scene (East, 1929; 
Straub, 1958; Lewis, 1965; Linskens, 1965; Ascher, 
1966; Kroes, 1973; Van der Donk, 1975). 
Pollen tubes of Petunia grow in the 'intercellular sub-
stance' (terminology: Sassen, 1974) between the cells of 
the transmitting tissue of the style (Van der Pluym & 
Linskens, 1966). There are some indications that pollen 
tube growth is independent of the metabolic state of the 
stylar cells (Gilissen, manuscript 1). The experiments, 
described in this paper are aimed to obtain further infor-
mation about pollen tube growth regulation. Pollen tube 
growth and seed setting were studied in flowers pollin-
ated with pollen, which had been exposed to high doses 
of X-rays. Moreover, growth of normal pollen tubes was 
followed in X-irradiated styles. Development of the 
activities of some enzymes were followed and used as a 
parameter for cellular metabolism. 
Materials and Methods 
1. Collection and storage of pollen 
Anthers were collected from flowers just after, and from 
flower buds just before anthesis. Pollen of the following 
clones of Petunia hybrida L. was used, with incompat-
ibility alleles indicated in parentheses: W43 (SISI), 
W166H (S2S3) and 18IE (S9S9). The anthers were dried 
at room temperature (20-24oC) and at a relative 
humidity of about 40% for one day. After drying, the 
pollen was separated from the antheridial walls and 
stored at -250C. 
2. Pollination 
To avoid natural self-pollination, the flowers were 
emasculated. In the seed setting experiments (see: Mate-
rials and Methods-5) styles of clone W166H were pol-
linated on the plants in the greenhouse. 
Isolated flowers of clone W166H showed a stable in-
compatibility reaction (Gilissen, manuscript 1). There-
fore, this clone was chosen for style-irradiation experi-
ments. After irradiation and pollination at the labora-
tory, the styles were incubated at 230C. 
3. Irradiation of pollen and styles 
Pollen or styles (with their pedicels) were irradiated with 
58 /о of control 
100 9 
pollen tube growth rate (mm/hr 
75 
50 -
Fig 1 The influence of X irradiation at different doses 
of pollen of Petunia hybnda on pollen tube growth rate 
at 30 hr after pollination, and on seed setting 
Δ - Δ W166H9xW43(i(100% = 0 84mm/hr) 
v - v W166H9xW166H<i(100% = 055mm/hr) 
π π W166H 9 χ I81E <5 (100% = 244 seeds/seed 
capsule) 
25 
seed setting (number / seed capsule) 
100 200 
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length of pollen tubes (mm) houri after pollination 
Fig 2 The influence of X irradiation of styles of 
Petunia hybnda clone W166H on pollen tube growth 
after pollination with pollen on clone W166H (open 
marks) or clone W43 (black marks) 
η, • pollen tube growth m unirradiated styles 
o, · pollen tube growth in styles exposed to 250 kR 
Δ A pollen tube growth in styles exposed to 500 kR 
an ENRAF Rontgen apparatus equipped with an 
OEG-60 X-ray tube (Machlett Laboratones, Inc.), at 
50 kV and 32 mA. At a target distance of 4.5 cm, the 
exposure rate as determined with a Philips dose meter, 
type 37471/90, was 100 kR/mm. 
4. Pollen tube length measurement 
The length of the pollen tubes was determined with a 
U V -fluorescence microscope (Linskens & Esser, 1957) 
five styles were selected at random and the length of the 
tenth fastet-growing pollen tube was measured. 
5. Seed setting 
The number of seeds formed in seed capsules of clone 
W166H three weeks after cross-pollination with irra­
diated pollen and their unirradiated controls was 
determined. Per pollination 10 seed capsules were in­
volved. 
6. Enzyme measurements in styles 
Ten styles separated from the ovary were homogenized 
for 2 mm at 0oC in 0 1 M TRIS-HCl-buffer (pH=7.6) 
with a Braun homogemzer. After centnfugation the 
homogenate for 10 mm at 350,000 N/kg the upper 
(fatty) layer was removed with a pipette. The homo­
genate was centnfuged again for 20 mm at 
350,000 N/kg. Enzyme assays were earned out on the 
supematants with enzyme test-kits (Boehnnger, Mann­
heim GmbH, Biochemica, W.-Germany). Protein content 
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time after irradiation (hr) 
Fig. 3. The influence of exposure to 250 kR of styles 
of Petunia hybnda clone W166H on changes in enzyme-
activities of GOT and acid phosphatase with time. 
о - о Wl 66H 9 unpollinated 
л - Δ W166H9xW43cf 
ο - a W166H9xW166Hd 
Open marks, activity in unirradiated styles; black marks 
(dotted lines): activity in styles irradiated with 250 kR 
GOT 100% = 0.89 U/mg protein 
Acid phosphatase 100% = 0.72 U/mg protein 
al (1951). The specific activities of the following 
enzymes were measured and expressed in U/mg protein: 
glutamic-oxaloacetic transaminase (GOT) (at 250C, Hg 
340 nm, turnover of NADH -*• NAD+) and acid phos­
phatase (at 25 C, Hg 405 nm, turnover of p-nitrophenyl-
phosphate -»• p-nitrophenol). 
Results 
1. The influence of X-irradiation of pollen on seed 
setting and pollen tube growth 
The number of seeds per seed capsule decreased very 
rapidly with increasing exposure applied to the pollen 
grains (Figure 1). Seeds formed after fertilization by 
means of pollen grains, which had been exposed to 33 
kR and more, showed a shrunken content and did not 
germinate. 
Pollen tube growth, however, was only affected when 
pollen grains were exposed to very high doses (Figure 1). 
Germination of pollen grains exposed to very high doses 
decreased with increasing exposure: after exposure a 
sample of pollen to 625 kR there was a number of 
pollen tubes between 50 and 500 measured per style, 
whereas about 2000 pollen tubes were observed after 
pollination with unirradiated pollen. 
2. The influence of X-irradiation of styles on pollen tube 
growth 
Exposures of styles to doses up to 500 kR influenced 
pollen tube growth rate more after compatible pollina­
tion than after incompatible pollination. However, the 
characteristic patterns of compatible or incompatible 
pollen tube growth were not altered after irradiation 
of styles (Figure 2). 
The underestimation of pollen tube length in styles 
exposed to 500 kR, at 48 hr after pollination with com­
patible or incompatible pollen (Figure 2), was due to a 
strong wilting reaction of these styles, causing a decrease 
of the callose staining in the pollen tubes. This decrease 
in callose staining of pollen tubes was also observed in 
stigmata and upper parts of unirradiated styles at 48 hr 
after pollination. Callose in the oldest parts of the pollen 
tubes appeared to be degraded. 
3. The influence of pollination and X-irradiation of 
styles on changes in enzyme activities of GOT and acid 
phosphatase 
Exposure to high doses of X-rays (1000 kR) of styles did 
not influence the activities of GOT and acid phosphatase 
(both enzymes are essential for basic metabolism) 
measured immediately after irradiation (Gilissen, un­
published results). However, later development with 
time of these enzyme activities was affected (Figure 3 and 
4). The decrease with time of the GOT-activity was 
stronger in irradiated styles in comparison to the control. 
Styles exposed to 250 kR showed less increase of acid phos-




("/о of control) 
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time after irradiation (hr) 
Fig 4 Influence of exposure to 500 kR of styles of 
Petunia hybnda clone W166H on changes in en 
zyme activities of GOT and acid phosphates with 
tune Styles remained unpollinated Open marks activ­
ity in unrnadialed styles black marks (dotted lines) 
activity in styles irradiated with 500 kR 
GOT 100% = 0 54 U/mg protein 
Acid phosphatase 100% = 0 34 U/mg protein 
styles (Figure 3). This increase was even absent after 
exposure of styles to 500 kR (Figure 4). 
Discussion 
1. Irradiation of pollen 
The results obtained after pollen irradiation in relation 
to seed setting are in agreement with those of Rick 
(1943) and McQuade (1952). The insensitmty of the 
pollen tube growth mechanism to X-rays (in comparison 
to seed setting) is m keeping with the results of Vassi-
leva-Dryanovska (1966) for Tradescantia and of Poddub-
naja-Amoldi (1936) for Nicotiam. Gilissen (1978) 
demonstrated that the characteristics of the compatible 
or the incompatible patterns of pollen tube growth were 
not changed even after exposure of the pollen grains to 
doses up to 400 kR and more. 
Poddubnaja-Amoldi (1936) observed morphological 
abberations and degeneration of vegetative and gener­
ative nuclei of pollen tubes after exposure of pollen 
grains to doses up to a maximum of 80 kR These data taken 
in combination with the observations in this paper 
suggest that pollen tube growth is independent of 
simultaneous gene-activity in the pollen tube. The 
S-specificity of the pollen grains, which leads to compat­
ible or incompatible tube growth, must, therefore, have 
built up during maturation in the anther. 
2. Irradiation of styles 
Based on physiological data, it was suggested that pollen 
tube growth is independent of the metabolic state of 
cells of the style (Gilissen, previous paper). This idea is 
strengthened now by the fact, that the characteristics of 
tube growth m compatible or incompatible combina­
tions were not affected in styles exposed to 500 kR. Due 
to this exposure dose, the DNA in the stylar cells will be 
considerably damaged and will have lost its functional­
ity. To verify this assertion, the influence of irradiation 
on RNA-synthesis must be studied. Preliminary results 
of Jans (personal communication) show that the orotic-
acid-incorporation in styles exposed to doses of 200 and 
more was decreased considerably in comparison to incor­
poration in unirradiated styles. 
The decrease of GOT-activity and the increase of acid-
phosphatase-activity with time were influenced by expo­
sing the styles to X-rays (Figures 3 and 4) Probably de 
novo synthesis of these enzymes is inhibited by X-ray in­
duced inactivation of the DNA and, partly, of the RNA, or 
even by désintégration of cells of the style irradiated 
styles showed wilting at 48 hr after exposure to X-rays, 
in contrast to unirradiated styles (Figure 2). 
These data justify the assertion that compatible or in-
compatible pollen tube growth in the style is indepen-
dent of the metabolism of the stylar cells. In the 
previous paper the existence next to each other ot two 
different kinds of metabolism in the style is suggested. 
Pollen tube growth is regarded to be dependent on the 
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metabolism in the intercellular substance between the 
cells of the transmitting tissue. It is concluded, that 
simultaneous gene-actmty and protein synthesis in stylar 
cells can not be regarded as responsible for incom­
patibility in Petunia. This conclusion is diametrically 
opposed to the results of Van der Donk (1975), who 
showed S-gene action in styles after pollination. Van der 
Donk's conclusion, that these gene-activities were neces­
sary for the recognition part of the incompatibility 
reaction, 'can however be escaped since one could also 
imagine that Van der Donk essentially detected a 
sequence of events which were initiated as a con­
sequence of the initial recognition of pollen and pistil 
phenotypes' (De Nettancourt, 1977). 
Pollen tube growth takes place m the intercellular sub­
stance between the cells of the transmitting tissue (Van 
der Pluym & Linskens, 1966). S-specific substances, 
which are responsible for the recognition reaction 
between pollen tubes and style and which govern the 
incompatibility reaction, must, therefore, at the time of 
pollen tube growth, be prefabricated and present in this 
intercellular substance of the transmitting tissue of the 
style. Because the growth rate of incompatible pollen 
tubes is already derrmned in styles at 48 hr before 
an thesis (Gilissen, manuscript 1) these S-specific sub­
stances must have synthesized during a very young stage 
of flower development. 
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De kiemkracht van pollenkorrels 
Het volume van pollenkorrels van Petunia hybrida L., 
voorbehandeld bij een relatieve luchtvochtigheid (RV) 
van 100%, wordt driemaal zo groot ten gevolge van 
wateropname uit het kiemmedium (10% saccharose + 
0,01 boorzuur). Het volume van pollenkorrels, die van 
tevoren bij 0% RV bewaard zijn, wordt slechts twee-
maal zo groot na overbrenging in kiemmedium. Ver-
ondersteld is, dat de starheid van de wand van de pollen-
korrel toeneemt bij een verlaging van de RV, waardoor 
zwelling ten gevolge van wateropname uit het kiem-
medium geremd wordt. Deze remmende werking op de 
wateropname heeft waarschijnlijk invloed op de kieming 
van de pollenkorrels (Gilissen, 1977"). De kieming is 
minimaal na voorbehandeling bij 0% RV en maximaal bij 
100% RV. Het verband tussen kiemingspercentage en de 
RV tijdens de voorbehandeling van het pollen blijkt li-
neair te zijn. De remmende invloed, die het bewaren bij 
0%RV op de pollenkieming heeft, verdwijnt geheel, wan-
neer de pollenkorrels naar 100% RV overgebracht worden 
(Gilissen, 1978). 
De pollenkieming in vitro treedt niet op, als het pollen 
blootgesteld is aan 400 kR of hogere doses. Het blijkt, 
dat na bestraling met toenemende doses, steeds meer pol-
lenkorrels tijdens inbrenging in kiemmedium kapot-
springen. Verondersteld wordt, dat het kapotspringen van 
bestraald pollen in kiemmedium veroorzaakt wordt door 
veranderingen in de vloeibaarheid vanhet plasmamembraan 
van de pollenkorrel ten gevolge van oxydatie van onver-
zadigde vetzuren. Het pollen is het minst gevoelig voor 
Röntgenstraling na voorbehandeling bij 80% RV. Na be-
stuiving met pollen, dat bestraald is met 750 kR, is pollen-
buisgroei in de stijl waargenomen. Een verklaring voor 
het grote verschil tussen kieming van bestraald pollen in 
vitro en in vivo moet waarschijnlijk gezocht worden in 
het verschil in chemische samenstelling van het kiem-
medium en van het stigma-exudaat (Gilissen, 1978). 
Pollenbuisgroei en zaadzetting 
A. Beïnvloeding via het pollen 
De snelheid, waarmee compatibele en incompatibele pol-
lenbuizen groeien, lijkt evenredig te zijn met hun aantal in 
de stijl. Het aantal pollenbuizen in de stijl is afhankelijk 
van de mate van kieming van het pollen en van de ruimte 
op het stigma. 
Het remmend effect van toegevoegd mentor-pollen in 
pollenmengsels op compatibele of incompatibele pollen-
buisgroei blijkt onafhankelijk te zijn van metabolische 
activiteiten van dit mentor-pollen (Gilissen en Linskens, 
1975). 
Na bestuiving van stempels met bestraald pollen (doses 
> lOOkR) blijkt,daterzowel in de groei van incompatibele 
als incompatibele pollenbuizen een vertraging optreedt, 
die langer duurt, naarmate de toegediende dosis hoger is. 
Hierna vindt dan weer normale compatibele of incompa-
tibele pollenbuisgroei plaats. Bestrahng met dergelijke 
hoge doses is niet in staat om de karakteristieke wijze 
van compatibele of incompatibele pollenbuisgroei te be-
ïnvloeden (Gilissen, 1978). Zaadzetting daarentegen, 
wordt al zeer sterk geremd door bestrahng van het pollen 
met doses tussen 10 en 40 kR. Bestuiving met pollen, 
bestraald met 33 kR of meer, geeft een minimale hoe-
veelheid zaad, dat niet kiemkrachtig is. Dit wijst op 
ernstige beschadigingen, toegebracht aan het erfelijke 
materiaal in de pollenkorrel. Uit het grote verschil in 
stralingsgevoeligheid van pollenbuisgroei en zaadzetting 
is daarom de conclusie getrokken, dat S-specifieke stof-
fen, die voor de pollenbuisgroei en voor de herkenning 
van de pollenbuis door de stijl verantwoordeijk zijn, 
reeds tijdens het rijpingsproces van de pollenkorrel ge-
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synthetiseerd moeten zijn (Gihssen, manuscript 2) 
В Beïnvloeding via de stijl 
De groei van jonge stijlen wordt geheel geremd, wanneer 
ze bestoven zijn. Hierdoor zijn incompatibele pollen-
buizen toch in staat het vruchtbegmsel te bereiken en 
zaadzettmg te veroorzaken. De leeftijd van de stijl heeft 
geen invloed op de groeisnelheid van incompatibele 
pollenbuizen. 
De incompatibele pollenbuisgroei in bloemen aan de 
plant vertoont twee fasen. Tijdens de eerste fase, die 
ongeveer 30 uur duurt, is de groeisnelheid ongeveer 
0,6 mm/uur, tijdens de tweede fase verandert deze groei-
snelheid naar 0,2 mm/uur. Wanneer de bloemen van de 
plant afgeplukt worden, neemt m twee van de dne hier-
op onderzochte klonen de groeisnelheid m de tweede 
fase toe tot een groeisnelheid, zoals waargenomen in de 
eerste fase Deze afzwakking van de mcompatibihteits-
reactie treedt alleen op na bestuiving met pollen, af-
komstig van dezelfde kloon. Worden afgeplukte bloemen 
bestoven met pollen, dat overeenkomstige S-allelenheeft 
(dus incompatible is), maar dat een andere genetische 
achtergrond heeft, dan vindt wel normale incompatibele 
pollenbuisgroei plaats. Hieruit is de conclusie getrokken, 
dat herkenning tussen pollenbuizen en stijlweefsel, en de 
hierop volgende compatibele of incompatibele pollen-
buisgroei, afhankelijk is van meer factoren, dan alleen 
die, welke door S-aüelen bepaald zijn (Güissen, 
manuscript 1). 
De betrokkenheid van het metabolisme van cellen in 
de stijl bij de groei van compatibele en incompatibele 
pollenbuizen is bestudeerd met behulp van Röntgen-
straling Stijlen zijn bestraald met 250 of 500 kR Op 
verschillende tijdstippen na bestraling is de enzym-
activiteit gemeten van glutamaat-oxaalace-
taat-transaminase (GOT) en van zure fosfatase. De activi-
teit van deze enzymen is m de bestraalde stijlen (al dan 
met bestoven) steeds lager, behalve op het tijdstip 1=0, 
waarop ze gelijk is aan de activiteit in onbestraalde 
stijlen Rontgenbestraling heeft dus geen mvloed op de 
activiteiten van de enzymen zelf, maar wel op het activi-
teitenpatroon van de enzymen m de loop van de tijd. De 
cellen van de stijl zijn na bestraling met dergelijke hoge 
doses nauwelijks of met meer in staat tot de novo 
synthese van deze enzymen. Waarschijnlijk komt dit 
door mactivering van onder andere het DNA. Dit wordt 
ondersteund door het optreden van verwelkingsverschijn-
selen, die in de bestraalde stijlen veel sterker op de voor-
grond treden dan in onbestraalde stijlen bchter, compa-
tibele of incompatibele pollenbuisgroei wordt met 
wezenlijk beïnvloed door bestraling van stijlen vooraf-
gaande aan bestuiving Daarom is geconcludeerd, dat de 
groei van compatibele en incompatibele pollenbuizen 
met afhankelijk is van gelijktijdige genoomactiviteit en 
van het metabolisme van de cellen in de stijl (Gilissen, 
manuscript 2). Verondersteld wordt, dat er in de stijl 
twee metabolische systemen naast elkaar bestaan. Het 
ene handhaaft zich in de cellen van de stijl. De waarge-
nomen veranderingen in de enzymactiviteiten ten ge-
volge van veroudering, pollenbuisgroei of bestraling 
moeten gezocht worden m dit cellulair metabolisme. Het 
andere metabolisch systeem is extracellulair en hand-
haaft zich in de tussenstof van het geleidend weefsel. In 
deze tussenstof vindt de pollenbuisgroei plaats (Van der 
Pluym & Linskens, 1966). Veranderingen in dit metabo-
lisme, bijvoorbeeld ten gevolge van het afplukken der 
bloemen, kunnen de pollenbuisgroei beïnvloeden. Uit 
het feit dat normale incompatibele pollenbuisgroei ook 
in stijlen van jonge bloemknoppen (48 uur voor anthese) 
plaatsvindt, is geconcludeerd dat S-specifieke stoffen, 
verantwoordelijk voor de herkenningsreactie, reeds in 
een zeer vroeg stadium van de bloemontwikkehng gesyn-
thetiseerd moeten zijn (Gilissen, manuscript 1). 
De invloed van bestuiving op de bloemverwelking 
De stijl speelt een belangrijke rol bij de verwelking van 
de bloem. Dit blijkt duidelijk in bloemen, waaruit de stijl 
verwijderd is In deze bloemen is de verwelking aanzien-
lijk vertraagd in vergelijking met bloemen, waann de stijl 
verwond is door wegsnijden van het stigma of door af-
snijden van de bovenste helft van de stijl (Gilissen, 
1976) Verondersteld is, dat verwonding van en pollen-
buisgroei in de stijl een overeenkomstige mvloed uit-
oefenen op de verwelking van de bloem. Bestuiving van 
het stigma met doodgestraalde pollenkorrels namelijk, 
heeft geen effect op de verwelking van de bloem, terwijl 
pollenkorrels, waarvan pollenbuizen het stigma kunnen 
binnendringen, een aanzienlijke versnelling van de ver-
welking van de bloemkroon veroorzaken. Deze snelle 
verwelking is met gekoppeld aan de snelheid van pollen-
buisgroei in de stijl. Pollenbuizen van Nicotiam alata, die 
slechts zeer langzaam groeien m de stijlen van Petunia, 
veroorzaken een even snelle bloemverwelking als compa-
tibel en incompatibel groeiende pollenbuizen. Een uit-
zondering hierop wordt waargenomen na een incompa-
tibele bestuiving van stijlen met pollenkorrels, afkomstig 
van de/elfde kloon. In dit geval treedt een aanzienlijk 
tragere verwelking van de bloemkroon op. De verwel-
kingssnelheid van de bloemkroon blijkt behalve van de 
soort, ook afhankelijk te zijn van het aantal pol-
lenbuizen, dat in de stijl groeit. Door gebruik te maken 
van inert pollen in pollen mengsels is vastgesteld, dat 
mmimaal één vijfde deel van het stigma bedekt moet zijn 
met levende pollenkorrels, die tot pollenbui/en in de stijl 
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uitgroeien, om de maximale verwelkingssnelheid teweeg 
te brengen. 
Kruisbestoven bloemen verwelken onafhankelijk van 
het uur van de dag, in tegenstelling tot onbestoven en 
zelfbestoven bloemen. De verwelking van deze laatste 
bloemen begint namelijk 's morgens vroeg en duurt tot 
de middag. Onbestoven en zelfbestoven bloemen, die m 
de ochtend met verwelkt zijn, zullen gedurende de vol-
gende nacht open blijven. Mogelijk is dit verwelkingsge-
drag gekoppeld aan het feit dat Petunia in de natuur 
door nachtvlinders bestoven wordt. In dit verband is de 
stijl beschouwd als een zintuig van de bloem de stijl 
geeft informatie door aan de andere delen van de bloem. 
De zintuigpnkkeling hierbij wordt veroorzaakt door de 
groeiende pollenbuizen in de stijl (Gilissen 1976, 1977a) 
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De incompatibiliteitsreactie bij Petunia berust op een herkenningsreactie tussen pollenbuis en stijlweef-
sel. De stoffen nodig voor deze herkenningsreactie, zijn geprefabriceerd aanwezig in de pollenkorrels en in 
de onbestoven stijl. 
Dit proefschrift. 
III 
Omdat de stijl in de bloem na bestuiving, behalve de geleiding van pollenbuizen, ook specifieke informatie 
naar andere bloemdelen overdraagt, kan men de stijl beschouwen als een zintuig. 
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Onderzoek naar de betrokkenheid van groeistoffen bij de gametophytisch-bepaalde incompatibiliteit dient 
ter hand genomen te worden met inachtname van het "hormoon-receptor concept". 
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V 
De relatie tussen fysiologische en oecologische aspecten van de ademhaling bij Anura-larven tijdens hun 
groei, ontwikkeling en metamorfose is tot op heden slechts fragmentarisch bekend. 
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VI 
Van de methoden, om populaties van de gewone pad (Bufo bufo) te beschermen tegen sterfte op wegen, 
ten gevolge van autoverkeer, tijdens de trek naar en van de voorplantingsplaats, verdient die methode, 
waarbij de voorplantingsplaats van de populatie verlegd wordt, de voorkeur, omdat deze op den duur het 
minst arbeidsintensief zal zijn en daardoor de grootste continuïteit voor die populatie waarborgt. 
Gelder, J.J. van (1973). Oecologia 13, 93-95. 
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VII 
Joyard en Douce concluderen ten onrechte uit hun werk, dat chloroplasten autonoom zijn, wat betreft 
hun lipidsynthese. 
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belovend blijken, voortgezet kunnen worden. Hiervoor dienen de bestuurs- en beleidsorganen van deze 
universiteit nauwlettend zorg te dragen. 
IX 
The individual mind is immanent but not only in the body. It is immanent also in pathways and messages 
outside the body; and there is a larger mind of which the individual mind is only a sub-system. This larger 
mind is comparable to god and is perhaps what some people mean by "God", but it is still immanent in 
the total interconnected social system and planetary ecology. 
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